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28
The IncP-1ε subgroup is a recently identified phylogenetic clade within IncP-1 plasmids, 29 which plays an important role in the spread of antibiotic resistance and degradation of 
INTRODUCTION
49
Horizontal gene transfer (HGT) between distantly related organisms plays a crucial role in 50 prokaryotic evolution and adaptation (Davison 1999) . Conjugative gene transfer mediated by 51 plasmids with broad host ranges (BHR) is generally considered as one of the most important 52 contributors to HGT (Thomas 2000) . BHR self-transferable plasmids refer to the plasmids 53 that can be introduced and stably maintained in the bacterial species from at least two 54 different classes of Proteobacteria (Szpirer et al., 1999) . They can be typically composed of 55 two regions (Schlüter et al., 2003; Thomas 2000) . The "plasmid backbone" encodes genes 56 involved in the replication, maintenance, control, and transfer of the plasmid (Thorsted et al., 57 1998). The second region is comprised of various "accessory" genes that confer specific 58 phenotypic characteristics to the host organism, such as resistance to antibiotics, metabolic 59 functions (e.g. those required for the degradation of various manmade pollutants), and 60 virulence determinants (Rhodes et al., 2004; Schlüter et al., 2007; Schlüter et al., 2008) . 61 With the emergence and development of next-generation sequencing methods, more 62 complete BHR plasmid sequences have been added to the publically available databases considered as one of the most promiscuous and best studied plasmid groups (Heuer and 69 Smalla, 2012). Since IncP is equivalent to IncP-1 in the Pseudomonas classification system, 70 we will refer to these plasmids as IncP-1 from here on (Jacoby 1977 Thomas 2000) . With the increasing number of completely sequenced IncP-1 plasmids, seven 74 evolutionary clades have been described for IncP-1 plasmids to date, based on backbone gene 75 sequence phylogenies: the IncP-1-α, -β, -γ, -δ, -ε, -ζ, and -η subgroups (Brown et 
MATERIALS AND METHODS
117
Site description and Sampling
118
The sampling area was located in the Shen-fu wastewater irrigation zone (41°44′~41°52′N; 119 123°35′~123°45′E), Shenyang, northeast China. After long-term exposure to 120 petroleum-containing wastewater that mainly came from an oil refinery, soils in this area are 121 contaminated to varying degrees (Li et al., 2005; Zhou et al., 2012) . Fourteen sampling sites 122 were selected to collect soil samples from upstream to downstream of the irrigation channel, 123 and were sequentially numbered S1 to S14 (Fig. S1 ). Five soil cores were selected from each 124 site and mixed to form an independent sample, and each soil core was collected with a 5-cm 125 diameter PVC core to a depth of 20 cm.
126
Five wastewater samples and five sediment samples, numbered W1 to W5 and A1 to A5, 127 respectively, were collected near the corresponding sites where soil sample S1, S4, S8, S11, 128 and S14 were collected. The water samples were collected 25-40 cm below the surface, using 129 the organic glass hydrophore as described by Song et al. (2007) , and were stored at 4°C dispensed into 1.5 mL Eppendorf tubes as the control for mating.
168
The presence of captured plasmids was confirmed by plasmid extraction using the alkaline 169 lysis method, followed by gel electrophoresis. Restriction fragment length polymorphisms 170 (RFLP) of captured plasmids were determined by restriction digestion with one or more 171 restriction enzymes, and restriction fragments were analyzed on a 0.8% agarose gel 172 essentially as described previously (Sambrook et al., 1989 MG1685 was used to confirm that they were authentic E. coli MG1685 transconjugants.
175
Detection of antibiotic resistance of plasmids
176
The ability of the captured plasmids to confer antibiotic resistance on their host was 177 tested by measuring their inhibition zones, as previously described (Li et al., 2015) . The To determine the host range of captured plasmids, the plasmids were transferred from E. (Table S1 ), including 13 previously reported IncP-1ε members.
210
Amino acid sequences translated from the traI and trfA genes were aligned using ClustalX 211 (Larkin et al., 2007) , then the phylogenetic network was inferred using the SplitsTree 
RESULTS
229
Isolation and characterization of BHR plasmids from petroleum-contaminated habitats 230 A diverse set of plasmids with unique restriction profiles were captured from the Shen-fu (unpublished data). In the present study we describe and discuss only the four IncP-1 237 plasmids. These plasmids were isolated from soil samples S1, S2, S5, and water sample W5, 238 and were designated pSFS12, pSFS26, pSFS52 and pSFW53, respectively ( (Table 2) . Two genes (dinJ, relE/stbE) coding for a 272 toxin-antitoxin system (Gotfredsen and Gerdes, 1998) were found in between klcA and oriV 273 of plasmids pSFS12 and pSFW53 (Fig. 1B) . They could also be considered as backbone 274 genes because of their function and their presence on some other IncP-1ε plasmids (e.g.
275
pAKD16, pAKD25, pAKD34, pEMT3, p712).
276
Although the sequences of these four plasmids were not completely closed, the fully 277 assembled backbone regions enabled us to infer the insertion sites of the partially sequenced 278 accessory elements ( Fig.1 and Fig. S2 ). For plasmid pSFS26 and pSFS52, accessory elements 279 were located adjacent to parA and traC. By subtracting the backbone regions from total 280 genome size, the length of the accessory regions of pSFS26 and pSFS52 were approximately 281 16 kb and 13kb, respectively (Table 2 ). In contrast, accessory regions of plasmids pSFS12 282 and pSFW53 were inserted between the replication and control regions, and were estimated 283 to be 15 and 11 kb in length, respectively (Table 2) . We further compared the entire backbone regions between the four novel IncP-1ε plasmids 301 and their closest relatives, pKJK5, pAKD16, and pAKD25 (Fig. 3) . Although the sequences 302 of our four plasmids were not completely closed, the backbone regions were fully assembled 303 (Fig. S2) . Using the Tamura conserved, with at least 92% sequence identity score among all plasmids (Fig. 4) . Within the 316 ε-I subclade, the tra genes and trb gene clusters of pKJK5 are very closely related to the corresponding regions of plasmid pSFS26 (99%) and pSFS52 (99%). The four ε-II plasmids 318 (pAKD16, pAKD25, pSFW53 and pSFS12) also showed high identities (Fig. 4) . The tra and 319 trb regions of plasmid pSFS12 even showed 100% identity to that of pSFW53 (Fig. 4) .
320
The central control (ctl) backbone genes were also compared between the four new IncP-1ε 321 plasmids and their closest relatives (the kleB gene was excluded because it was 322 unrecognizable on the plasmid pSFS52) (Fig. 5 and Fig. S3) toxin-antitoxin system were found in between klcA and oriV of ε-II plasmids, whereas they 334 were absent in the corresponding site of ε-I plasmids.
335
Comparison of accessory elements between ε-I and ε-II subclades
336
The observed genome divergence among the two IncP-1ε subclades was further supported 337 by differences in insertion sites, phenotypes, and IS/integron elements of the accessory genes.
338
By comparing the four new plasmids from this study and the 13 previously sequenced 339 IncP-1ε plasmids, we found that the parA locus (between parA and traC) could be considered 340 as a hot-spot for insertion of accessory elements in the ε-I subclade ( Fig. 1A and Table 3 ).
341
The insertion may have disrupted the N-terminus of the parA genes in ε-I plasmids (630 bp   342 remaining for pSFS26 and pSFS52, and 606 bp remaining for other plasmids) compared to 343 parA from ε-II ones (all 651 bp). The ε-II plasmids also have preferred spots for insertion of 344 accessory elements. The accessory genes and transposons were located between trfA and oriV 345 (Table 3) . Plasmid pAKD16 contained two accessory regions at both parA and trfA sites 346 (Table 3) .
347
Besides the insertion sites, the two IncP-1ε subclades differed greatly in their phenotypes. 348 We found that eight of ten ε-I plasmids harbored antibiotic resistance genes ( IR-L and IR-R) and 5 bp direct repeats (DRs, the sequences were "GCTCA") (Fig. 6C) . Only one insertion sequence, IS1071, was found for plasmids pSFS12 and pSFW53 (Table   386 3). IS1071 is often found as part of Tn501-like transposons, which usually contain other Table 2 Structural organization of the four IncP-1ε plasmids isolated in this study 727 
